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ABSTRACT 

Diesel engines are mostly used in industries and transportation sectors while compared to petrol engines. 
The Diesel engine produces the emissions such as NO x , HC, PM and CO. It affects the environment and human health 
also. In the recent field water diesel emulsion is studied and replaced by the diesel. Water, diesel emulsion reduces the 
NO x and due to the reduction in the temperature. Our aim is reduce the NO x without compensating the engine 
performance. Then performance and emission test were carried out by using the fuel in a single cylinder water cooled 
engine. Here the emulsion 1 & emulsion 2 are compared with the diesel and it is found that the emulsion 2 is the best 
alternative to diesel. 
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1. INTRODUCTION 

The diesel engines release major emission which are harmful to the environment and also affects the 
human health. If the correct regulation for the emission control is followed, environmental pollution can be reduced 
drastically. Various techniques for emission control are introduction of biodiesel, catalytic convertor and water 
diesel emulsion fuel. In ordinary diesel engine there is a formation of NO x & HC which are formed by entirely 
different process [1]. So the reduction of these compounds simultaneously is very difficult as these are done using 
an entirely different process. So the alternative for this emission control is the usage of emulsified diesel. It reduces 
the emission around 51%. The most economical method among these is the water diesel emulsion fuel, which can 
be used without any modification in the engine [2]. The various advantages associated with this technique are 
efficient combustion, better fuel economy, controlling the emission of NO x [3]. Water diesel emulsion also 
compensate the SFC, BTE. Atomisation is a major factor which affects the emission. As the ambient condition is 
varied it affect the atomization. 

One of the major pollution is carbon pollution, which is mainly formed due to incomplete combustion of 
carbon containing compounds. As the efficiency of the combustion process is increased, the carbon emission is 
reduced. NO x consist of nitrogen oxide, N0 2 . Which accounts for the 50% of the total emission. NO x indirectly 
causes ozone layer depletion. So it is an indirect greenhouse gas. Particulate matters are the particles which arise 
from combustion sources. Secondary particles are mainly sulphate & nitrate formed in the atmosphere and coarse 
particles. These are smaller than 10 microns. Ultrafine particles are smaller than 2.5 microns. Volatile organic 
components are the compounds which react with NO x to form ozone. It is an indirect greenhouse gas. High 
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concentration of VOC occurs at downwind of the source emission, mainly occur during the summer season. 

2. MATERIAL AND METHOD 

2.1. Emulsion Preparation 

In the present research work, the ultrasonic probe sonicator was used in the emulsification process for preparing a 
capacity of lOOOml solution, a frequency of 1500Hz is used. It has 3 components, Controller unit, Chamber with adjustable 
stand, Ultrasonic probe. The water and diesel are immiscible liquids in order to mix it we use surfactants. Commonly used 
surfactants are span 20 with a HLB value of 4.3 and tween 80 with a HLB 15. The quantity of surfactants used in this 
emulsion preparation was 1 & 2% by volume [1]. Here using only 5% of water with various percentage of diesel. 1 litre 
diesel is mixed with the surfactants and this mixture is placed inside the ultrasonic probe sonicator for further operation. 
The solution preparation takes 90 to lOOmin for a half litre. 

2.2. Emulsion Stability 


Table 1: Range of Emulsion 


Fuel 

Diesel (%) 

Water (%) 

Surfactant (%) 

Diesel 

100 

- 

- 

Emulsion 1 

94 

5 

0.5 span 20 & 0.5 tween 80 

Emulsion 2 

93 

5 

1 span20 & 1 tween 80 


By keeping the water diesel emulsion in a glass container, in a closed room, (EM 1 & 2) is investigated and it is 
found that the water in diesel emulsion is stable for 15 days and no separation occurred. 

2.3 Properties of Fuel 

Properties of diesel and water diesel emulsion were calculated by using various types of equipment. Here the 
density was calculated by volume mass basis. 


Table 2: Properties of Fuel 



Diesel 

Emulsion 

Density (kg / m 3) 

832 

836 

Calorific value (MJ / kg) 

44.2 

42.3 

Flash point 

58 

60 

Fire point 

63 

68 


Viscosity is measured using the Redwood viscometer, Calorific value is measured using the Bomb calorimeter, 
and the Flash and fire point is measured using the Pensky martens apparatus. 

2.4 Engine Setup 



Figure 1: Engine Setup 
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This is the schematic diagram of engine setup. The engine used here is a four stroke, single cylinder water cooled 
engine. The engine is connected to the dynamometer. The dynamometer is used in order to provide varying loads. The fuel 
tank is connected to the engine in order to provide diesel. This setup is connected to a computer interface to get automated 
data. It is connected with AVL DI gas analyser. To analyse the emission like CO, C0 2 , NO x . The AVL smoke meter is 
used to measure the smoke. 

3. RESULTS AND DISCUSSIONS 

The investigation was carried out on diesel engine and tested with various emulsion fuels 

3.1 Specific Fuel Consumption 

s P 


eci 



Figure 2: Brake Power vs Specific Fuel Consumption 


The mileage of the vehicle is the major aspect that the customer looks for, but it mainly depends upon SFC. 
Specific fuel consumption of an engine is defined as the amount of fuel used in kg per brake power per sec. 

mass of fuel ( kg ) 

SFC = bp(kw)*time (hr) 

From the graph, its come to know that the fuel consumption is increased during the high load condition while 
compared to diesel and emulsion 1. Combustion efficiency of the engine is increased by increasing the use of water add by 
keeping the temperature in the working range. 

3.2 Brake Thermal Efficiency 

The brake power and brake thermal efficiency was decreased using water diesel emulsion when compared to 
ordinary diesel. 

_bp_ 

BTE= calorific value*fuel consumption per sec 
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Brake power (KW) 

Figure 3: Brake Power vs Brake Thermal Efficiency 


From the graph, it is yisible, that at the starting stage brake thermal efficiency of diesel, emulsion 1 & 2 are same. 
At the off load condition, efficiency of diesel and emulsion 1 is less than the emulsion 2 at a certain level. Which reached a 
full load condition, brake thermal efficiency of emulsion 2 is decreased while compared with pure diesel. 

4. EMISSION ANALYSIS 

4.1 Nitrogen Oxide (No x ) 

The NO x emission was significantly reduced by using water diesel emulsion fuels (EM 1 & EM 2) compared to 
the diesel. The nitrogen oxide emission is reduced due to the lower combustion temperature of water diesel emulsion 
fuel [4]. The NO x emission was measured using the AVL DI gas analyser. Water diesel emulsion 2 is the optimal fuel for 
reducing NO x emission and shows average reduction of 51% of load in every condition. 



Brake power (kW) 


* Diesel 

“"“EMl 

“*~EM2 


Figure 4: Brake Power vs Nitrogen Oxide 


4.2 Carbon Monoxide 

Carbon monoxide is emitted due to the incomplete combustion of carbon and oxygen inside the cylinder [5]. 
When the volume of water in emulsion increases, the emission of carbon monoxide is also increased, because of the 
presence of water inside the cylinder is slowing down the combustion of carbon, which results in incomplete combustion. 
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Figure 5: Brake Power vs Carbon Monoxide 


4.3 Hydrocarbon Emission 

The emission from the CI engine contains around lOOppm of HC. It formed due to breaking up of larger 
molecules during the combustion process. So, the treatment of these type of molecules are necessary [6]. At low load 
condition diesel gives more HC emission than emulsion. But at high load condition emission of HC is higher in emulsion 
than diesel. 
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Figure 6: Brake Power vs Hydrocarbon 

4.4 Carbon Dioxide 

Carbon monoxide is formed due to incomplete combustion of carbon particle and carbon monoxide inside the 
cylinder. As the load increases C0 2 emission also increases when diesel is used as the fuel also in the emulsion two C0 2 
emission increases some yariation. 
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Figure 7: Brake Power vs Carbon Dioxide 

5. CONCLUSIONS 

The major conclusion is drawn from the investigation follows, 

• Water diesel emulsion fuel significantly reduces the NO x emission 

• Emulsion 2 is best alternative solution than compared with diesel and emulsion 1. 

• At lower loads the hydrocarbon emissions are lesser for emulsion as compared to diesel. 

• Carbon monoxide and carbon dioxide emissions increase with increase in water percentage in the fuel. This is due 
to the fact that most of the hydrocarbons are burnt at lower loads. 
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